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Abstract
·AIM:Tocomparetheregularityandaccuracyoflaser
keratomileusis(LASIK)flapscreatedbytheZiemer
FEMTOLDV"Classic" (Ziemer"Classic")andZiemer
FEMTOLDVCrystalLinefemtosecondlaser(Ziemer
CrystalLine).
· METHODS: Fourier-domain optical coherence
tomography (RTVueOCT)wasusedtomeasurethe
morphologyof200LASIKflapsof100consecutive
patientscreatedwiththeZiemerClassic(100flaps)orthe
Ziemer Crystal Line (100 flaps) at one week
postoperatively.Flapthicknesswasevaluatedat36
specifiedmeasurementpointsoneachflap.Forall
procedureswithbothlasers,thenominalflapthickness
was110滋m.
· RESULTS:ThemeanflapthicknessoftheZiemer
CrystalLinegroup(102.49依2.68滋m)wasthinnerthanthat
oftheZiemerClassicgroup (107.65依5.09滋m) ( <0.01).
Averagethicknessofallflapswasuniformwithin4 滋 mat
allmeasurementpoints.TheflapsintheZiemerCrystal
LinegroupweremoreregularthanthoseintheZiemer
Classicgroupwhenmeasuredfromthecentertothe
periphery.Themaximumdeviationfromthenominal
110滋mof36measurementswas8 滋 mintheZiemer
Classicgroup,whileintheZiemerCrystalLinegroupit
was9 滋 m.Withinthe3600measurementsonthe100
eyes,differencesgreaterthan20滋mwereobserved0.14%
intheZiemerClassicgroup,and0.04%intheZiemer
CrystalLinegroup.
· CONCLUSION:TheflapscreatedwiththeZiemer
FEMTOLDVCrystalLinefemtosecondlaseraremore
uniformandthinnerthanthosecreatedbytheZiemer
FEMTOLDVClassicfemtosecondlaser.
·KEYWORDS: laser keratomileusis;flapthickness;
femtosecondlaser;fourier-domainopticalcoherence
tomography
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INTRODUCTION
L
aser keratomileusis(LASIK)hasbecomean
efficient andcommonlyperformedprocedurein
refractivesurgery.Flapcreationisthefirstcriticaland
probablythemostimportantstepduringLASIK,andprecise
cornealflapthicknessisvitalforaccuratelycorrecting
refractionineyeswithhighmyopiaorathincorneaby
LASIK
[1-3].Atoothinflapmaybeassociatedwithahigher
frequencyofpotentialcomplicationssuchasafree,irregular,
incomplete,buttonholeorlaceratedflap.Inordertomaintain
postoperativecornealstrength,especiallytoavoidthe
occurrenceofiatrogenic keratoconus and refractive
regression,theresidualstromalthicknessmustbemorethan
250滋m
[4-6].Complicationsduringflapcreationcanaffectthe
restoftheprocedureandcausepermanentvisualloss
[7].
Therefore,itisimportanttoproduceauniformflapwitha
narrowstandarddeviationfromtheattemptedthickness.
Flappreparationiscurrentlyperformedwitheithera
femtosecondlaseroramechanicalmicrokeratome.Previous
studiescomparingmicrokeratomeandfemtosecondlaserflap
creationreportthatthelattermayyieldbettersafety,
reproducibilityandpredictability
[8-10].TheZiemerFEMTO
LDVCrystalLineisthenewestgenerationoffast,
low-energy femtosecondlaserandit offersadditional
advantagesoveritsClassiccompanion.Toourknowledge,
nopublishedreporthascomparedthenewgenerationZiemer
FEMTOLDVCrystalLinewiththeFEMTOLDVClassic
femtosecondlaserforcornealflapcreation.
FlapthicknesscanbemeasuredbyFourier-domainoptical
611coherencetomography(OCT),whichisalsoknownas
spectral-domainOCT.Recently,somestudiesfoundthat
Fourier-domainOCT(RTVueOCT,Optovue,Inc.Fremont,
CA,USA)hasbetterrepeatabilitythantime-domainOCT
(Visante,CarlZeissMeditec,Inc.,Dublin,CA,USA)for
cornealthicknessmeasurements
[11-13].
Inthisstudy,weusedFourier-domainOCTtocomparethe
flapmorphologiescreatedbyZiemerClassicandZiemer
Crystal Linefemtosecondlasers(ZiemerGroup,
Switzerland),assessingtheregularity,uniformityand
accuracyofflapcreation.
SUBJECTSANDMETHODS
Subjects Twohundredeyesofonehundredconsecutive
patientswhowerescheduledforbilateralLASIKtreatment
fromAugust2010toSeptember2010intheTongren
OphthalmicCenterofCapitalMedicalUniversity(Beijing,
China)wereenrolledinthisprospectivestudy.Inclusion
criteriawereasfollows:patientsatleast18yearsold,no
contactlenswearfor2weekspriortothepreoperative
examination,stablerefractiveerrorforatleast2years,and
correcteddistancevisualacuity (CDVA)of20/20(1.0)or
better.Patientswithocularpathologiessuchascornealscars,
cornealdystrophies,previousocularsurgery,keratoconus,
glaucoma,diabetes,andsystemicdiseasesknowntoaffect
eyeswereexcluded.Basedontherandomandvoluntary
principle,100eyesof50patientsunderwentLASIKwith
FEMTOLDVClassicfemtosecondlaser(ZiemerGroup,
Switzerland)and100eyesof50patientsweretreatedwith
theCrystalLinefemtosecondlaser.Thestudywasapproved
bythelocalethicscommittee,andinformedconsentwas
obtainedfromallpatients
Methods Thesameexperiencedsurgeon(Zhou)performed
alltheLASIKprocedures.Thecornealflapswerecreated
undertopicalanesthesiausingtheZiemerClassicorZiemer
CrystalLinefemtosecondlaser.Bothfemtosecondlasers
wereprogrammedtoanominalflapthicknessof110滋mand
an8.5mmdiametercornealflapwiththehingeplaced
superiorly.TheFEMTOLDVCrystalLinefemtosecondlaser
offersadditionaladvantagesoveritsClassiccompanion,such
asapulseratefasterthan5MHz,lowestpulseenergy
(<10nJ),shortestpulselength(200-300femtoseconds),and
smallest3Dspotvolume(<2滋minalldirections)(Table1).
Afterliftingtheflap,ablationswereperformedusingthe
VisxS4excimerlaser(VISXInc.,SantaClara,USA)witha
6.0mmopticalzoneand0.5mmtransitionzone.Thecorneal
flapandstromalsurfacewereirrigatedwithbalancednormal
salinesolution,andtheflapwasrepositioned.Afterthe
operation,patientswereinstructedtoinstill0.1%
fluorometholonefourtimesperdayfor3dandthentapered
overfortwoweeks,andlevofloxacinandartificialtearsfour
timesperdayfor2weeks.Allpatientswereaskedtopresent
forregularfollow-upvisits,andpostoperativeexaminations
wereperformedat1d,3d,7dand1month.
Fourier-domainopticalcoherencetomography Imaging
andmeasurementoftheLASIKflapswereperformedbythe
RTVueOCTsystem(Optovue,Inc.,Fremont,CA,USA),
whichusesFourier-domain(FD)opticalcoherence
tomography(OCT)technology,alsocalledspectral-domain
OCT,ratherthantheoldertime-domain(TD)OCT
technology.IntheclassicTD-OCTsystem,thescanspeedis
limitedtohundredsofaxialscanspersecondduetheneedto
mechanicallymoveareferencemirrorbackandforthovera
rangeofseveralmillimeters
[14].Thesensitivityofthe
TD-OCTsystemisalsolimitedbythesequentialcollection
ofsignalfromvariousdepthsinthesample.IntheFD-OCT
system,thereferencemirrordoesnotmoveduringtheaxial
scan,thuseliminatingthemechanicalrestraintonspeed.The
frequencyofaxialscansislimitedonlybytheframerateof
theline-scancamera,whichcanbeelectronicallyclockedat
tensofthousandsorevenhundredsofthousandsofcyclesper
second.Furthermore,becausetheFD-OCT system
simultaneouslycollectssignalsfromtheentiredepthrangeof
interest,thesensitivityofthesystemismuchhigherthanthat
oftheTD-OCT
[15].Inourstudy,theCAM-Lscanpatternof
corneaanteriormodulewasusedtoacquire8.0mmdiameter
scansofthecorneaforCrossLineanalysis(Figure1).The
framerateis1024A-scans.Theresolutiondepthis5.0滋m
andthetransverseresolutionis15.0滋m.Thescanwas
centeredonthevertexreflection,and0 ° ,45° ,90° and
135° meridianOCTimageswereacquiredandanalyzedby
thesameexaminer(Zhang)1weekaftersurgery(Figure2A).
Flapthicknesswasmeasuredat9pointsineachmeridianin
eachof4separateOCTimagesobtainedforeacheye(the
centralzone,1.0mm,2.0mm,3.0mmtothevertexandthe
peripheralzoneofflap).Thecentralzonewastherangeof
依0.5mmfromtheflapvertexandtheperipheralzonewasthe
rangewithin0.5mmfromtheflapedge, approximately
3.75-4.25mmfromthecenteroftheflap(Figure1,2B).
StatisticalAnalysis Datawereexpressedasmean依standard
deviation(SD)andanalyzedwiththeSPSS13.0software
(SPSSInc,Chicago,Illinois,USA).Anindependentsamples
-testandone-wayanalysisofvariance(ANOVA)wereused
Table 1  The different specifications of both femtosecond-lasers 
  Nominal flap  Diameter flap  Plus rate  Plus energy  Spot volume 
Ziemer Classic  110μm  8.5mm  >1MHz  <100nJ  <2μm spot size 
Ziemer Crystal Line  110μm  8.5mm  >5MHz  <10nJ  <2μm spot size 
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toanalyze measurementdataconformingtonormal
distribution,andaWilcoxonsignedrankstestwasappliedfor
measurementdatanotconformingtonormaldistribution.A
valuelessthan0.05wasconsideredstatisticallysignificant.
RESULTS
Preoperative Characteristics Thepreoperative
characteristicsofthepatientsareshowninTable2.No
significantdifferenceswereobservedbetweenZiemerClassic
andZiemerCrystalLinefemtosecondlasers( >0.05).
CentralFlapThickness Themeansofthecentralflap
thicknessmadebyZiemerClassicandZiemerCrystalLineat
oneweekpost-surgerywere105.88依6.65滋mand100.86 依
3.54滋m(<0.01, -testforindependent-samples).Inthe
ZiemerClassicgroup,theminimummeancentralflap
thicknesswas92.75滋mandthemaximumwas125.75滋m,
resultinginarangeof33滋m.IntheZiemerCrystalLine
group,thecorrespondingvalueswere91滋m,113.25滋mand
22.25滋m,respectively.Thedistributionofmeancentralflap
thicknessesforalleyesisdepictedinFigure3.
MeanFlapThickness Themeanthicknessofcornealflap
foreacheyewascalculatedbyaveragingthe36thickness
measurementsinfourmeridiansintwogroups.Themean
flapthicknessintheZiemerClassicgroupwas107.65 依
5.09滋m,whilethemeanflapthicknessintheZiemerCrystal
Linegroupwas102.49依2.68滋m.Figures4Aand4Bshow
themeanandrangeofthe36flapthicknessesmeasuredin
eacheyeofthetwogroups.IntheZiemerClassicgroup,the
meanrangewas19.53 依4.10滋m,withaminimumand
maximumrangeof9.00滋mand29.00滋m,respectively.In
Figure1 Exampleofa0 毅meridiancross-sectionalOCT
imageofthecornea.
Figure2Themeasurementpointsinfourmeridiansoneach
cornea A:The0 ° ,45° ,90° ,and135° meridiansofthe
cornea;B:The9pointsineachmeridian,totally36points.
Table 2  Preoperative characteristics of two groups 
Parameters  Ziemer classic  Ziemer crystal line 
1P 
No. of eyes  100  100   
Age (a)  26.83±4.8  27.16±5.2  0.523 
Spherical equivalent (D)  -7.05±3.28  -6.96±2.85  0.546 
Cylindric equivalent(D)  -1.75±0.63  -1.68±0.72  0.671 
Central thickness (µm)  525.92±28.37  527.67±31.21  0.784 
Corneal curvature (D)  44.71±1.32  44.69±1.41  0.608 
1Analyzed by independent samples t-test. 
Figure3 Centralflapthicknesses Distributionofmeancentral
flapthicknessesatoneweekpost-surgeryforalleyestreatedwith
ZiemerClassicandZiemerCrystalLine.
Figure4Averagethicknessesandrangesof36measurements
A:ZiemerClassicgroup;B:ZiemerCrystalLinegroup.
613theZiemerCrystalLinegroup,themeanrange,minimum
andmaximumrangeswere15.48 依3.05滋m,8.00滋mand
23.00滋m,respectively.Themeanflapthicknessinthe
ZiemerCrystalLinegroupwasthinnerthanthatinthe
ZiemerClassicgroup ( <0.01, -testforindependent-
samples),andthevariationrangeofthe36flapthicknesses
measuredineacheyeintheZiemerCrystalLinegroupwas
significantlysmallerthanthatintheZiemerClassicgroup
( <0.01, -testforindependentsamples).
FlapRegularity Themeanandstandarddeviationofflap
thicknessobtainedat36pointsinfourmeridiansofeacheye
areshowninTable3.
CornealflapsbothintheZiemerClassicgroupandZiemer
CrystalLinegroupwereuniformandregular,showingan
almost-planarconfiguration.Themaximumdeviationamong
the36differentpointsmeasuredineacheyewas8 滋 min
ZiemerClassicgroupand5 滋 minZiemerCrystalLinegroup
(Figure5).
RadialFlapUniformity TheflapsintheZiemerCrystal
LinegroupweremoreregularthanintheZiemerClassic
groupwhenmeasuredfromthecentertotheperiphery.The
averageflapthicknessvaluesinthecentraland1.0mm,
2.0mm,3.0mmtothevertexwerenotsignificantlydifferent
intheZiemerCrystalLinegroup(100.86依3.54滋m,101.42依
3.05滋m,102.41依3.17滋m,102.28依2.82滋m,respectively: =
0.138byANOVA),whiletheperipheralflapswereslightly
thicker (104.67 依2.64滋m, =0.027byANOVA).Inthe
ZiemerClassicgroup,thecentraland1.0mmtothevertex
flapthicknessweresignificantlythinnerthantheotherthree
points,withameanflapthicknessof105.88 依6.65滋m,
106.76 依6.27滋m,108.36 依5.73滋m,107.28 依4.63滋mand
109.10依4.34滋m,respectively( =0.029byANOVA).
MeridianFlapUniformity Inthefourmeridians(0° ,
45° ,90° and135° ),theflapmeanthicknessesbothinthe
ZiemerClassicgroup(107.55 依4.33滋m,106.99 依4.37滋m,
108.25 依4.44滋m,107.83 依4.16滋m, =0.418byANOVA)
andintheZiemerCrystalLinegroup(102.46 依3.69滋m,
102.45依3.64滋m,102.70依3.51滋m,102.35依3.58滋m, =0.956
byANOVA)didnotdiffersignificantly.But,theZiemer
CrystalLinegrouphassignificantdifferencecomparedwith
theZiemerClassicgroupinfourmeridians(<0.001,
respectively).
FlapThicknessAccuracy Themaximumdeviationfrom
thenominal110滋mof36measurementswas8 滋 minthe
ZiemerClassicgroup,whiletheZiemerCrystalLinegroup
was9 滋 m.Theaveragedeviationofflapthicknesswas6.03依
2.16滋mintheZiemerClassicgroupand7.75依2.83滋minthe
ZiemerCrystalLinegroup( <0.001, -testforindependent
samples)(Table4).
Figure6showsthedistributionsofthedifferencesbetween
thenominalcornealflapthicknessesandthemeasuredflap
thicknessesintheZiemerClassicgroupandZiemerCrystal
Linegroup.Thereare1709measurements(47.47%)on
whichthedifferencewaslessthan5 滋 mintheZiemerClassic
groupand1091measurements(30.31%)inZiemerCrystal
Linegroup.Butdifferencesgreaterthan20滋mwere
observedin5measurements(0.14%)intheZiemerClassic
group,butonlyone(0.03%)intheZiemerCrystalLinegroup
oneweekaftersurgery.
Table 3  Mean flap thicknesses and standard deviation of 36 points measured in the Ziemer Classic group and the 
Ziemer Crystal Line group 
Flap thickness (µm)  Measurement 
points  -Peripheral  -3mm  -2mm  -1mm  Central  1mm  2mm  3mm  Peripheral 
Classic                   
0°  109±6  107±7  108±7  106±7  105±8  106±7  109±7  107±7  110±7 
45°  106±6  106±6  107±7  107±7  105±8  106±7  108±7  108±6  110±6 
90°  108±6  107±6  109±7  107±8  107±7  107±7  109±7  109±6  111±6 
135°  108±6  108±5  109±7  107±7  107±7  107±7  108±6  107±6  110±6 
Crystal line                   
0°  104±4  102±4  103±4  101±4  101±4  101±5  102±5  103±5  105±4 
45°  104±5  102±5  102±5  102±4  101±5  101±4  102±4  103±4  105±3 
90°  104±4  102±5  102±4  102±4  101±5  102±4  103±5  103±4  106±4 
135°  103±5  101±5  102±5  101±5  101±4  102±4  102±5  103±4  105±4 
 
Figure5Meanflapthicknessattherelevant36points Both
theZiemerClassicgroupandtheZiemerCrystalLinegroupflaps
showedanalmost-planarconfiguration.
ComparisonofZiemer"Classic"and"Crystal"flapquality
614陨灶贼允韵责澡贼澡葬造皂燥造熏灾燥造援 6熏晕燥援 5熏 Oct.18, 圆园13 www.IJO.cn
栽藻造押8629原愿圆圆源缘员苑圆 8629-82210956 耘皂葬蚤造押ijopress岳员远猿援糟燥皂
DISCUSSION
Thecreationofacornealflapbylaser keratomileusis
(LASIK)mayaffectpostoperativecornealbiomechanicsand
visualperformance
[7,8].Flappreparationisperformedwitha
femtosecondlaseroramechanicalmicrokeratomenow.
Regularityandaccuracyofflapmorphologyplayarolein
twoaspectsofLASIKsurgery.First,theyguaranteethe
safetyoftheprocedure.Second,theyinfluencethevisual
outcome,amorerecentlycontroversialtopic.Previous
studiescomparingkeratomeandfemtosecondflapcreation
reportedsimilarvisualacuityoutcomes,withmore
predictableflapparametersachievedwiththefemtosecond
laser
[8,9,16].Pietil覿
[17] demonstratedthattheZiemer
FEMTOLDVlasercreatedthinnerLASIKflapsthan
nominalbutwithalowstandarddeviationandminimal
intraoperativecomplications.Althoughthereareseveral
studiesofcornealflapcreationwithfemtosecondlasers,to
ourknowledgethisisoneofthefirsttoevaluateandcompare
theZiemer FEMTOLDVClassicandCrystalLine
femtosecondlasers
[8-10,16,17].
Inthepast,theaccuracyandprecisionofflapcreationwere
assessedbymeasuringcentralflapthicknessonly
[18].
Althoughthecentralthicknessismostimportantbecausethe
corneaisthinnestinthisarea,theimpactofperipheral
cornealthicknessshould notbeignored.Decreased
post-operativevisualperformancesuchasglareandhalo
underdimconditions,poornightvisionanddecreased
contrastsensitivity(CS)valueshavebeenreportedandmay
berelatedto moreperipheralcornealdistortions
[19-20].
Fortunately,researchonflapmorphologyanditseffectson
postoperativevisualperformancehavegainedmoreattention
inrecentyears.
Accuratenon-contactanalysisofcornealstructurehasbeen
difficult.Inrecentstudies,wefoundthatFourier-domain
OCT cornealpachymetrymeasurementswerehighly
consistentand,incontrasttotime-domainOCT,didnotseem
tounderestimatenormalcornealthickness
[13,21].Inthisstudy,
flapthicknesswasmeasuredat36pointsinthe0 ° ,45° ,
90° and135° meridiansineachof4separateoptical
coherencetomography(RTVueOCT)imagesobtainedfor
eacheye (thecentralzone,1.0mm,2.0mm,3.0mmtothe
vertexandtheperipheralzoneofflap).Cornealmorphology
assessmentcanbeinaccurateinthepresenceofmotion
artifacts.Fourier-domainOCTovercomesthisproblemtoa
largeextentbecauseofitshighacquisitionspeed
[12,15].Witha
speedof26000axialscanspersecond,theRTVueis13
timesfasterthantheVisante(CarlZeissMeditec,Inc.,
Dublin,CA,USA),whichacquires2000axialscansper
second.TheRTVue hasadepthresolutionof5 滋 m
(full-width-half-maximum),whichismorethan3times
betterthantheVisanteat17滋m.Onereasonforthehigher
resolutionistheshortercenterwavelengthandbandwidth,
830nm,comparedtoVisanteat1310nm.Recently,Prakash
[13] reportedthatFourier-domainOCThasbetter
repeatabilitythantime-domainOCTforcornealthickness
measurements.
Inthisstudy,themeanflapthicknessoftheZiemerCrystal
Linegroup(102.49依2.68)滋mwasthinnerthanthatofthe
ZiemerClassicgroup(107.65依5.09)滋m( <0.01, -testfor
independent-samples).Itshouldbenotedthattheflap
Table 4 Mean deviations from nominal flap thickness of 36 measurements in the Ziemer Classic group and the Ziemer 
Crystal Line group. 
Flap thickness (µm)  Measurement 
points  -Peripheral  -3mm  -2mm  -1mm  Central  1mm  2mm  3mm  Peripheral 
Classic                   
0°  5±4  6±4  6±4  7±4  8±5  7±5  6±4  6±4  5±4 
45°  5±3  6±4  6±4  7±4  6±5  6±4  6±4  5±4  5±3 
90°  5±4  6±4  7±4  7±4  8±4  7±4  6±5  5±3  5±4 
135°  5±4  5±3  6±4  7±4  7±4  7±3  5±4  5±4  5±4 
Crystal line                   
0°  6±4  8±4  7±4  9±4  9±4  9±5  8±4  7±4  5±4 
45°  6±4  9±4  8±3  8±4  9±4  9±4  7±4  7±3  5±3 
90°  6±4  8±4  8±4  8±4  9±5  9±4  8±4  7±4  5±3 
135°  7±4  9±4  8±4  9±4  9±4  8±4  8±4  7±4  5±3 
 
Figure6Distributionofthedifferencesbetweennominaland
measuredflapthicknessintheZiemerClassicandZiemer
CrystalLinegroups.
615thicknesssettingsinthetwolaserswereassetatthefactory.
Basedontheprecisionmeasurementsofthisstudy,thefocus
depthofthetwolaserscouldbeadjustedtoachievevalues
closertothenominal110滋m.Similartowhatwefound,
Stahl
[10] reportedthattheaverageflapthicknessstandard
deviationin25flapscreatedwiththe60KHzIntralase
femtosecondlaserwas5 滋 monemonthafterthesurgery.
Previousstudies
[22.23] assumedthatincreasingablationdepth
andflapthicknessareriskfactorsforpostoperativedryeye
andkeratitisfiliformis.Thisriskmightthereforebereduced
ineyestreatedwiththeZiemerCrystalLinefemtosecond
laser.Furtherstudiesareneededtoconfirmthisassumption.
OurdatarevealedthattheflapsintheZiemerCrystalLine
groupweremoreregularthanthatintheZiemerClassic
groupwhenmeasuredfromthecentertotheperiphery.The
averageflapthicknessvaluesinthecentraland1.0mm,
2.0mm,3.0mmtothevertexwerenotsignificantlydifferent
intheZiemerCrystalLinegroup(100.86依3.54滋m,101.42依
3.05滋m,102.4依3.17滋m,102.28依2.82滋m,respectively: =
0.138byANOVA),whiletheperipheralflapswerethicker
thanotherfourpoints(104.67依2.64滋m, =0.027byANOVA).
IntheZiemerClassicgroup,theflapswereslightlybut
significantlythinnercentrallythanthepointsat2and3mm
fromthevertexandperipherally,withameanflapthickness
of105.88依4.82滋m,106.36依5.13滋m,108.36依5.76滋m,107.28依
5.44滋mand109.10 依5.87滋m,respectively ( =0.029by
ANOVA).
ThepulserateoftheZiemerCrystalLinefemtosecondlaser
isfasterthan5MHz,andthepulseenergyisverysmall(a
fewnanoJoules);lowerthanthepulseenergyofothercurrent
femtosecondlasers.Higherfemtosecondpulseenergycauses
thermaldamagetosurroundingtissueandwillresultin
traumaandinflammatoryreaction.Sothestromalbedis
smootherandlesstraumatictissuedissectionwouldhappen
intheZiemerCrystalLinegroup.
Inclinicalpractice,thesafetyandaccuracyofflapcreation
remainthemostimportantissues.Oneofthemostdreaded
complicationsofLASIKisiatrogenickeratectasia.Accurate
flapthicknessisimportanttomaintainapostoperative
cornealstrengthtominimizetheriskofectasia.Thisstudy
foundthatthemaximumdeviationfromthenominal110滋m
of36measurementswas8 滋 mintheZiemerClassicgroup,
whiletheZiemerCrystalLinegroupwas9 滋 m.Theaverage
deviationofflapthicknesswas6.03依2.16滋mintheZiemer
Classicgroupand7.75依2.83滋mintheZiemerCrystalLine
group(<0.001, -testforindependentsamples).Thereare
1709measurements(47.47%)onwhichthedifferencewas
lessthan5 滋 mintheZiemerClassicgroupand1091
measurements(30.31%)inZiemerCrystalLinegroup.But
differencesgreaterthan20滋m wereobservedin5
measurements(0.14%)intheZiemerClassicgroup,butonly
one(0.03%)intheZiemerCrystalLinegrouponeweekafter
surgery.Itshouldbenotedthatthedeviationsfoundare
mostlywithinthenominalresolutionoftheRTVuedevice
andhenceclosetotheachievablemeasurementaccuracyof
theusedequipment.
Ithasbeenreportedthatthecornealflapcreationcould
increaselower-order,aswellashigher-orderaberrations
which could negativelyaffectpostoperativevision
performance
[24-25].Previousstudyreportedthatcreationofthe
flapaloneresultedina30%increaseinhigher-order
aberrations.Durrie
[24] publishedastudyon51
consecutivepatientsthathadoneeyerandomizedtoIntralase
andoneeyetoaconventionalmicrokeratome.Theauthors
showedtherewassignificantlylessastigmatismandtrefoilin
theIntralasegroupaftersurgery.Tran
[25] performeda
similarstudycomparingtheHansatometotheIntralaseand
foundastatisticallysignificantincreaseinthehigher-order
aberrationintheHansatomegroupbutnotintheIntralase
group.Therefore,thethinnerandmoreuniform,predictable
andreproduciblecornealflapscreatedbytheZiemerCrystal
Linefemtosecondlasermaybeeffectivetoimprovevisual
performance.Alongtermfollow-upandfurtherstudiesare
neededtoconfirmthisfinding.
Inconclusion,theflapsmadebyZiemerCrystalLine
femtosecondlaseraremoreuniformandthinnerthanthose
createdbyZiemerClassicfemtosecondlaser.Furtherstudies
areneededtodeterminewhetherthethinnerandmoreregular
morphologyofthefemtosecondlaserflapcontributestoa
reductioninthepostoperativebiomechanicalreactionand
higher-orderaberrations.
REFERENCES
1FlanaganGW,BinderPS.Roleofflapthicknessinlaser
keratomileusisenhancementforrefractiveundercorrection.
2006;32(7):1129-1141
2SolomonKD,DonnenfeldE,SandovalHP,AlSarrafO,KasperTJ,Holzer
MP,SlateEH,VromanDT;FlapThicknessStudyGroup.Flapthickness
accuracy:comparisonof6microkeratomemodels.
2004;30(5):964-977
3FlanaganGW,BinderPS.Precisionofflapmeasurementsforlaser
keratomileusisin4428eyes. 2003;19(2):113-123
4WangZ,ChenJ,YangB.Posteriorcornealsurfacetopographicchanges
afterlaser keratomileusisarerelatedtoresidualcornealbed
thickness. 1999;106(2):406-409
5RandlemanJB,RussellB,WardMA,ThompsonKP,StultingRD.Risk
factorsandprognosisforcornealectasiaafterLASIK.
2003;110(2):267-275
6SeilerT,KoufalaK,RichterG.Iatrogenickeratectasiaafterlaser
keratomileusis. 1998;14(3):312-317
7JacobsJM,TaravellaMJ.Incidenceofintraoperativeflapcomplicationsin
laser keratomileusis. 2002;28(1):23-28
8LimT,YangS,KimMJ,TchahH.ComparisonoftheIntraLase
femtosecondlaserandmechanicalmicrokeratomeforlaserinsitu
keratomileusis. 2006;141(5):833-839
ComparisonofZiemer"Classic"and"Crystal"flapquality
616陨灶贼允韵责澡贼澡葬造皂燥造熏灾燥造援 6熏晕燥援 5熏 Oct.18, 圆园13 www.IJO.cn
栽藻造押8629原愿圆圆源缘员苑圆 8629-82210956 耘皂葬蚤造押ijopress岳员远猿援糟燥皂
9DurrieDS,KezirianGM.Femtosecondlaserversusmechanicalkeratome
flapsinwavefront-guidedlaser keratomileusis;prospective
contralateraleyestudy. 2005;31(1):120-126
10StahlJE,DurrieDS,SchwendemanFJ,BoghossianAJ.Anterior
segmentOCTanalysisofthinIntraLasefemtosecondflaps.
2007;23(6):555-558
11ChenTC,CenseB,PierceMC,NassifN,ParkBH,YunSH,WhiteBR,
BoumaBE,TearneyGJ,deBoerJF.Spectraldomainopticalcoherence
tomography;ultra-highspeed,ultra-highresolutionophthalmicimaging.
2005;123(12):1715-1720
12YiK,MujatM,ParkBH,SunW,MillerJW,SeddonJM,YoungLH,de
BoerJF,ChenTC.Spectraldomainopticalcoherencetomographyfor
quantitativeevaluationofdrusenandassociatedstructuralchangesin
non-neovascularage-relatedmaculardegeneration.
2009;93(2):176-181
13PrakashG,AgarwalA,JacobS,KumarDA,AgarwalA,BanerjeeR.
ComparisonofFourier-domainandtime-domainopticalcoherence
tomographyforassessmentofcornealthicknessandintersession
repeatability. 2009;148(2):282-290
14HuangD,SwansonEA,LinCP,SchumanJS,StinsonWG,ChangW,
HeeMR,FlotteT,GregoryK,PuliafitoCA.Opticalcoherencetomography.
1991:254(5035):1178-1181
15deBoerJF,CenseB,ParkBH,PierceMC,TearneyGJ,BoumaBE.
Improvedsignal-to-noiseratioinspectral-domaincomparedwith
time-domainopticalcoherencetomography. 2003;28(21):
2067-2069
16JagowBV,KohnenT.Cornealarchitectureoffemtosecondlaserand
microkeratomeflapsimagedbyanteriorsegmentopticalcoherence
tomography. 2009;35(1):35-41
17Pietil覿 J,HuhtalaA,J 覿覿skel覿inenM,JylliJ,M 覿 kinenP,UusitaloH.
LASIKflapcreationwiththeZiemerfemtosecondlaserin787consecutive
eyes. 2010;26(1):7-16
18ReinsteinDZ,SrivannaboonS,ArcherTJ,SilvermanRH,SuttonH,
ColemanDJ.Probalitymodeloftheinaccuracyofresidualstromal
thicknesspredictiontoreducetheriskofectasiaafterLASIK.Part Ⅱ :
quantifyingpopulationrisk. 2006;22(9):861-870
19MarcosS.Aberrationsandvisualperformancefollowingstandardlaser
visioncorrection. 2001;17(5):S596-S601
20ApplegateRA,HilmantelG,HowlandHC,TuEY,StarckT,ZayacEJ.
Cornealfirstsurfaceopticalaberrationsandvisualperformance.
2000;16(5):507-514
21PrakashG,AshokKumarD,AgarwalA,SarvananY,JacobS,Agarwal
A.Evaluationofbilateralminimumthicknessofnormalcorneasbasedon
Fourier-domainopticalcoherencetomography.
2010;36(8):1365-1372
22PatelSV,MaguireLJ,McLarenJW,HodgeDO,BourneWM.
FemtosecondlaserversusmechanicalmicrokeratomeforLASIK;a
randomizedcontrolledstudy. 2007;114(8):1482-1490
23DePaivaCS,ChenZ,KochDD,HamillMB,ManuelFK,HassanSS,
WilhelmusKR,PflugfelderSC.Theincidenceandriskfactorsfor
developingdryeyeaftermyopicLASIK. 2006;141(3):
438-445
24DurrieDS,KezirianGM.Femtosecondlaserversusmechanical
keratomeflapsinwavefront-guidedlaser keratomileusis;prospective
contralateraleyestudy. 2005;31(1):120-126
25TranDB,SaraybaMA,BorZ,GarufisC,DuhYJ,SoltesCR,JuhaszT,
KurtzRM.Randomizedprospectiveclinicalstudycomparinginduced
aberrationswithIntraLaseandHansatomeflapcreationinfelloweyes;
potentialimpactonwavefront-guidedlaserinsitukeratomileusis.
2005;31(1):97-105
617